Abstract. Health questionnaires and parasitologic examinations of urine and stool were performed upon a stratified random sample of 14,344 individuals from 1,952 households in 34 rural communities in Gharbia Governorate of Egypt to investigate the prevalence of, risk factors for, and changing pattern of infection with Schistosoma sp. A subset, every fifth household, of 1,973 subjects had physical and ultrasound examinations to investigate prevalence of and risk factors for morbidity. Community prevalence of Schistosoma mansoni ranged from 17.9% to 79.5% and averaged 37.7%. The geometric mean egg count (GMEC) was 78.9 eggs/gram of feces. The prevalence and intensity of infection was 40-50% and 70-100 eggs/gram of feces in those Ն10 years of age. Schistosoma haematobium was detected in 5 of the 34 communities. The maximum infection rate was 2.8% and mean GMEC in the five communities was 2.1/10 ml of urine. The overall prevalence of S. haematobium in the governorate was 0.3%. Risk factors for infection with S. mansoni were male gender, an age Ͼ10 years, living in smaller communities, exposures to canal water, prior therapy for schistosomiasis, or blood in the stool (in children only). Morbidity detected by physical examination or ultrasonography did not correlate with S. mansoni infection in individuals with the exception of periportal fibrosis (PPF, odds ratio [OR] ϭ 1.25). Periportal fibrosis was detected in more than half of the subjects by ultrasonography; 5.3% had grade II lesions and 1.0% had the most severe grade III changes. Risk factors for morbidity as manifested by ultrasonographically detected PPF were similar to those for infection. Periportal fibrosis had a negative relationship with abdominal pain (OR ϭ 0.45) and hepatomegaly detected by physical examination and ultrasonography (ORs ϭ 0.72 and 0.68), but it was associated with splenomegaly (ORs ϭ 4.14 and 3.55). The prevalence of PPF, hepatomegaly, and splenomegaly increased with age. There was no relationship between community burden of schistosomiasis mansoni and any measurements of morbidity with the exception of splenomegaly detected by physical examination (r ϭ 0.40). Schistosoma mansoni has almost completely replaced S. haematobium in Gharbia, which has a high prevalence and moderate intensity of S. mansoni infection. Periportal fibrosis was detected by ultrasonography in more than half of the subjects, and 1 in 16 had grade II and III lesions. The only relationship between PPF and other morbidity findings was its positive relationship with splenomegaly and negative association with hepatomegaly. Hepatic morbidity is common in communities in Gharbia but the role of schistosomiasis mansoni in this is uncertain.
Gharbia Governorate is in the center of Nile Delta in Egypt. Menofia is to the south while Kafr El Sheikh is to the north, between Gharbia and the Mediterranean Sea. Its eastern boundary is the Darinietta branch of the Nile River while its western boundary is the Rosetta branch. (Figure 1 of Hussein and others). 1 Gharbia has 2.87 million inhabitants, 1.93 million of which live in rural areas; more than 80% of the population are supported by agricultural and agricultural-related industries. Irrigation is achieved through a system of open canals from the two branches of the Nile River. During the 1986 census, there were eight administrative districts and 314 villages in Gharbia.
Under sponsorship of the United States Agency for International Development (USAID)-sponsored Schistosomiasis Research Project, we investigated the prevalence and intensity of infection with Schistosoma sp., the prevalence and magnitude of morbidity caused by schistosomiasis, the changing pattern of distribution of Schistosoma mansoni and S. haematobium, and the determinants of infection and morbidity in a stratified sample of rural inhabitants of the governorate. 1 Herein, we report the results of this survey.
SUBJECTS AND METHODS
The sample size, selected by multistage stratified random sampling, was calculated to detect a prevalence of Schistosoma sp. as low as 5% in villages or ezbas (satellite group of dwellings) with an 80% precision and 90% confidence level. The findings are considered representative of the rural areas of the entire governorate. 1 The total sample was 14,344 individuals from 1,952 households in 10 villages and 24 ezbas. Randomizing took place at the village/ezba and household levels but the total household was included in the study sample.
The interview technique for collecting vital, environmental, sociodemographic, and medical data has been described in detail. 1 Four data collection forms were used for recording village, household, family, and individual information. Quantitative microscopic counting of Schistosoma ova were performed in stool from 11,668 subjects using a modified Kato technique and in urine from 10,674 subjects using the Nuclepore (Pleasanton, CA) filter technique was performed as described. 2 Physical examination and abdominal ultrasonography were performed by trained physicians upon 1,973 inhabitants from a randomly selected subset of 358 households as described. 3 The results were recorded on two additional forms. Children less than 5 years of age were excluded from the physical and ultrasonographic examinations by protocol but some were examined and these results are included.
Complete data from the 1,973 subjects having physical and ultrasonographic examinations were not available for complete analysis for the following reasons: 1) 212 (10.7%) did not provide urine specimens for parasitology, hematuria, and proteinuria examinations; 2) 147 (7.5%) did not provide stool specimens for parasitology examinations; 3) 23 (1.2%) FIGURE 1. Prevalence and intensity of Schistosoma mansoni infection in 34 surveyed communities in Gharbia Governorate. The solid bars represent villages, the hatched bars represent ezbas, the asterisks represent the mean geometric mean egg counts for the community, the solid vertical line represents the mean prevalence of infection for all 34 communities, and the vertical dashed line represents the mean intensity of infection for all communities. FIGURE 2. Age-and gender-adjusted prevalence and intensity of infection of Schistosoma mansoni in 34 communities in Gharbia Governorate. GMEC ϭ geometric mean egg count.
did not have height and weight recorded; 4) 127 (6.4%) did not respond to the questions regarding a history of or treatment for schistosomiasis; and 5) 3 (0.7%) failed to respond to the question regarding blood in the stool. The most important among these emissions are 1) the absence of stool specimens from 7.5% of the subjects, which excludes them from any analysis based upon S. mansoni infection; and 2) the absence of height measurements from 1%, which excludes them from any analyses of hepatic enlargement since height was used to adjust for variation in body size.
All data was transferred from the data collection forms to standard precoded sheets for computer entry using Epi-Info 5.0lb. 1 Data was verified by the Core Epidemiology and Biostatistics Team prior to analysis. Survey Data Analysis (SU-DAAN) software was used to calculate Schistosoma prevalence and geometric mean egg count (GMEC) for each governorate in its entirety and distributed by community, gender, and age. Further analysis was performed after transformation to SPSS/PC ϩ 4.01.1 (SPSS Inc., Chicago, IL). This software was used to calculate odds ratios (ORs) and 95% confidence intervals (CIs). Community burden of schistosomiasis was calculated by using the GMEC (x ϩ 1) of the predominant Schistosoma species. The product moment correlation coefficient (r) and its statistical significance (P) were used for testing the association of the morbidity variables of interest with the community burden of schistosomiasis. Graphic presentations were prepared using Harvard Graphics 3.0 (Software Publishing Corp., Mountain View, CA).
RESULTS
The prevalence of S. mansoni in the 34 surveyed communities ranged from 17.9% to 79.5% (mean Ϯ SM ϭ 37.7 Ϯ 3.26%; Figure 1 ). The average intensity of infection in the surveyed villages was 78.9 GMEC/gram of feces and ranged from 29.6 to 163.9 GMEC/gram of stool. In most cases ezbas had a higher prevalence and GMEC than their mother villages. The OR of having a S. mansoni infection in inhabitants of ezbas in comparison with village dwellers was 1.76 with a 95% CI of 1.63-1.90 ( Table 1 ). The prevalence and intensity of infection were in the 40-50% and 70-100 GMEC/gram of stool ranges, respectively, from the age of 10 years onward with the exception of the oldest population groups (Figure 2 ). Infection rates were higher in males than in females in most age groups. The intensity, like the prevalence, of infection was greater in males than females.
The prevalence of S. haematobium in Gharbia ranged from 0% to 2.8% in the surveyed communities with a mean Ϯ SEM of 0.3 Ϯ 0.2% for the entire governorate. Infection with this parasite was detected focally in two villages near the Damietta branch of the Nile River and in three ezbas near the Rosetta branch. The GMEC/10 ml of urine for the five communities were very low, ranging from 1.0 to 2.3 with a mean Ϯ SEM of 2.1 Ϯ 0.1.
Risk factors in Gharbia for S. mansoni infection were an age Ͼ10 years old, male gender, living in ezbas, a history of bathing (in males), washing clothing or utensils (in women), or of swimming or playing in canals (in children), and a history of or treatment for schistosomiasis (in all subjects). A history of blood in the stool was associated with S. mansoni infection only in children. Infection with S. mansoni did not occur more frequently in subjects with a history of abdominal pain or with hepatomegaly or splenomegaly detected by physical examination. Hepatomegaly in the midclavicular line (MCL) or the midsternal line (MSL) and splenomegaly detected by ultrasonography were not present more frequently in infected subjects than in uninfected ones. A total of 281 (15.3%) of 1,842 and 79 (4.2%) of 1,875 had hepatomegaly and splenomegaly, respectively, detected by physical examination (Table 1 ). In addition, 319 (17.6%) of 1,813 and 77 (4.2%) of 1,820, respectively, had enlargement of the right lobe of the liver and spleen detected by ultrasonography. Enlargement of the left lobe of the liver was detected by ultrasonography in 128 (7.1%) of 1,810 subjects and PPF was reported in more than half (54.1%) of 1,826 subjects; 97 had grade 11 lesions, 18 had more severe grade III changes, and the remainder had grade I lesions. Morbidity, as detected by the presence of PPF on ultrasonographic examination, increased in frequency with age, male gender, domicile in ezbas, exposures to canal water, a history of or treatment for schistosomiasis, and a recent history of blood in feces (Table 2) . Periportal fibrosis had a marginal (OR ϭ 1.25) relationship with S. mansoni ova in the stool, but a negative correlation with abdominal pain (OR ϭ 0.45) and hepatomegaly detected by physical examination (OR ϭ 0.72). However, splenomegaly detected by physical examination had a strong association (OR ϭ 4.14) with PPF, particularly in adults (86.5%) when compared with subjects not having splenic enlargement (53.0%). There was also a negative correlation (OR ϭ 0.68) between right hepatic lobe enlargement detected by ultrasonography and PPF and a positive relationship (OR ϭ 3.55) between splenic enlargement detected by ultrasonography and PPF. Another correlate, suggesting that PPF was associated with hepatic morbidity, was the increasing frequency of portal vein dilatation detected by ultrasonography with increasing grade of PPF: grade I lesions ϭ 9.8%, grade II lesions ϭ 37.4%, and grade III changes ϭ 80.9%.
The prevalence of hepatomegaly detected by physical examination was high in younger children and decreased to 5-15% in those 10-35 years old. Thereafter, approximately 20% of the older adults had enlarged livers detected by physical examination. Splenomegaly was uncommon prior to the age of 30. Hepatomegaly detected by physical examination did not show a correlation (r ϭ Ϫ0.19, P ϭ 0.14) with community S. mansoni infection burden. However, splenomegaly detected by physical examination was associated (r ϭ 0.40, P Ͻ 0.01) with the community burden of schistosomiasis mansoni (Figure 3) . Hepatomegaly in the MCL detected by ultrasonography and splenomegaly followed the same patterns as the age prevalence of hepatic and splenic enlargement detected by physical examination (Figure 4) . The prevalence of right lobe hepatic enlargement decreased from 45% in the youngest group to 10-15% in the 10-35-yearold group and then remained approximately 20% in older adults. Hepatic enlargement in the MSL detected by ultrasonography remained low in all age groups. Periportal fibrosis progressively increased with age from 25-30% in infants Ͻ5 years old to approximately 60% in adults. No relationship was noted between the community burden of schistosomiasis mansoni and the prevalence of hepatomegaly in both the MCL (r ϭ 0.20, P ϭ 0.13) and MSL (r ϭ 0.05, P ϭ 0.38) detected by ultrasonography, splenomegaly (r ϭ 0.02, P ϭ 0.45), or PPF (r ϭ Ϫ0.19, P ϭ 0.15).
The prevalence of morbidity detected by ultrasonography that could be associated with schistosomiasis haematobia was rare: renal back pressure changes ϭ 3.9%, hydroureter ϭ 0.4%, and posterior urinary bladder wall thickening ϭ 0.6%.
DISCUSSION
As reported from other governorates in the Nile delta, infection with S. haematobium has virtually disappeared in Gharbia while the prevalence of S. mansoni remains relatively high. The first national survey by Scott in 1935 reported a prevalence of S. haematobium averaging 65% and ranging from 55% to 75% in the 10 communities he surveyed in Gharbia. 4 Infection rates with S. mansoni averaged 41% and ranged from 6% to 60% in the same communities. Two surveys were reported in the 1950s. Weir and others noted that S. haematobium infection rates in Gharbia ranged from 31.5% to 52% in the four communities they surveyed while the prevalence of S. mansoni remained low (0.3-11%). 5 Van der Schalie confirmed these infection rates six years later. 6 Abdel-Wahab and others in 1979 re-evaluated a village in Gharbia surveyed by Scott nearly 45 years before. 7 There was a total reversal in infection rates; although the prevalence rates of S. haematobium and S. mansoni were 74.3% and 3.2%, respectively, in 1935, they were 2.2% and 73.0%, respectively, in 1979. They also demonstrated a marked local decrease in the snail reservoir for S. haematobium (Bulinus truncatus), along with a striking increase in the reservoir for S. mansoni (Biomphalaria alexandrina), which progressively occurred during the late 1960s and 1970s. They suggested that this was caused by dynamic changes in water flow and its characteristics following construction of the Aswan High Dam.
Cline and others performed a similar study in 1983. 8 The prevalence of S. mansoni and S. haematobium in the eight communities they surveyed in Gharbia averaged 43% and 4%, respectively, and ranged from 24% to 72% and from 0% to 14%. In addition, the ratio of B. alexandrina to B. truncatus in the local waterways was 10:1, a proportion greater than had been observed previously. In 1993, Michelson and others 9 resampled the same villages studied by Cline and others. 8 The communities all had reductions in S. mansoni infection rates and prevalence of S. haematobium remained low over the ensuing seven years. The overall prevalences of S. mansoni and S. haematobium were 23% and 3%, respectively, in the eight villages. Moreover, in 1990 there were no high intensity infections with S. haematobium (defined as Ն50 ova/10 ml of urine) detected in Gharbia, while 38% of the S. mansoni infections were considered high intensity (defined as Ն100 ova/gram of feces). 9 There have been few previous studies of community morbidity in Gharbia. Abdel-Wahab and others in 1980 evaluated 537 of 900 inhabitants of an ezba in a cross-sectional survey. 10 The prevalence of S. mansoni and the GMEC intensity for the entire population was 74% and 208 ova/gram of feces, respectively. No villager had S. haematobium infection. The prevalence and intensity of infection was high in those Ͼ5 years old. Clinical correlates with intensity of infection were a history of rectal bleeding and hepatomegaly and splenomegaly in persons Ͻ20 years of age. Hepatomeg-aly detected by physical examination was observed in 27% of the population. Complications of schistosomiasis mansoni were common in the ezba and 13 inhabitants had prior splenectomies for complications associated with portal hypertension. More recently, El-Hawey and others in 1995 performed a cross-sectional investigation of an ezba in Gharbia near the Rosetta branch of the Nile River. 11 The main occupations of the inhabitants were fishing and farming. The prevalence and GMEC intensity of S. mansoni infection was 72% and 430 ova/gram of stool in fishermen and 46% and 236 ova/gram of stool in farmers, respectively. No S. haematobium infections were detected in the community. The fishermen, who had greater contact with water than the farmers, also had a higher prevalence of ultrasonographically detected hepatomegaly (11.4% versus 5.2%), splenomegaly (10.5% versus 5.7%), and PPF (grade 1 ϭ 40.5% versus 22.8%, grade III ϭ 5.2% versus 3.8%). Therefore, fishing, with its greater exposure, had a greater risk than farming for both S. mansoni infection and morbidity.
The higher prevalence of hepatomegaly in children and lower prevalence of splenomegaly (in relation to the other governorates having highly endemic schistosomiasis mansoni) is believed to be the result of technical differences in measuring liver and spleen spans between ultrasonographers working in Gharbia from those working in the other governorates. Despite an average community prevalence of S. mansoni infection of almost 40%, we found relatively little schistosomiasis mansoni-associated morbidity in our survey of the governorate. Hepatomegaly and splenomegaly, as detected during physical examinations, were not associated with S. mansoni ova in the stool, nor was ultrasonographically detected hepatomegaly, splenomegaly, or PPF. Hepatomegaly had a reduced frequency while splenomegaly was more common in subjects with PPF. These relationships were confirmed by both physical examination and ultrasonography. In addition, the prevalence of splenomegaly correlated with the community burden of schistosomiasis mansoni. The finding of less frequent hepatomegaly and more frequent splenomegaly in those with PPF suggests that the latter is associated with chronic hepatic morbidity. The concern is that grade I lesions may not be specific for schistosomal hepatic fibrosis. Chronic hepatitis C virus (HCV) infections and their complications have a very high prevalence in the local population, 12, 13 and HCV infections have been shown to cause grade I ultrasonographic changes of PPF. 14 Since the widespread introduction of praziquantel treatment in the 1980s, morbidity due to schistosomiasis has become more difficult to detect and separate from the more prevalent morbidity due to chronic hepatitis B (HBV) virus and HCV infections. The strong association found with high grades of PPF and portal vein could be related to chronic HBV and HCV infections, dilation, which is a marker for portal hypertension, 15 as well as with S. mansoni.
